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XlTirE or THE INVENT lOlir 
Plasma Display Panel Device and Related Drive Met.lioa 

UACKGKOUND OF THE rNVEKlTlOM 

5 1 . Field of the Invention 

The present invention relates to pla»ina display panel 
devluea and dx-ivt± iimLl'ioda Tox- Lhe same/ and in particular 
to improving the luminance efficiency of stich devices. 

XO 2 . Related Art 

Much is expected of plasma dlsplciy panel <PI>P) devices 
due to their compa-tibility with high-vision broadcasting^ 
and the relative eas*? with which screen size can be lucreased 
in comparison to the conventional cathode -ray tube (CRT) 

IB display dcviccc which have dciminated the image display device 
market to date, pcp devices can be broadly divided into 
al te-rnat-.i ng r:iiT-T:ecit {AC J and direct cuxx-ent [DC) types- 0± 
these two types, AC-type PDP devices are currently fsvrs-rnd 
for their x-el-Lability - image quality characteristics r and 

20 so rorth . 

AC PDP devi nrtfs hx-h dx-lven using a fiel^d time-division 
grayscale display method in vrtiich each T'ield is divided into 
a plurality of subfieldfe' and multiple grayscales are. 
expressed by varying the combination of on/Off nubflelds. 
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Tlie drive ot a PDP device using tlie tield time -division 
gi-ayscale display method is described below usiiig Fig , 32 , 
K3 Shown in Fig. 32, each subfield is constituted from 
lnitia.li&cLtion f ciddres^s^ cind bsu^U^ilii periods. In the 
initialization periodr a pulse is applied to sustain 
electrodes 53 and scan electrodes 54 so to inii.ialize all 
or Lhe dlBohcixye cel2.fi. In tiie address period., a weaDc 
discharge la generated betv^een scan eleo-Lrodtf s> 54 and data 
electrodes 62 in discharge cells to be turned oa^ In order 
to nccumu" a to. rnqni md amo'.int of wall obarge in these cells . 
In the sustain period, an AC voltage is applied to isiistain 
electrodes 53 and u<jan eleoLrodtfii 54 so as to generate a 
sustain discharge in the cells that were written In thft 
artdreaa period. 

One problem ax-ea with PDF devices is the r-el atively low 
luminance efficiency in compariBon wlLh CRT <iisplay devices . 
Current attempts to ameliorate this deficiency fon.us cjn drive 
methods, drive clx^ouits and the liJ^e. For example/ one such 
technique, developed to icnprove the drive method involve© 
applying an extremely narrow pulse voltage of positive 
polarity to data electrodes 62 in the su^tnin pex^iod 
(hriroinaf ter, pulse voltages applied tc the data electrodes 
i» tlie sustain period are on.l 1 en ^^r^ixKtain data pulses" ) . See, 
for in»Lciinje. unexamined Japanese pate^it application 
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publlcatlona no . 11-143425 ^ no . 2001-5425 , *±iid 

no-200l-'i82l82 , 

Applying the sustain data pulse Ln the sustain period 
genexates a trigger dis charge between data electrodes 62 and 
whicliever of sustain electrodes 5 3 or scan electrodes 54 have 
rK»gat.i vtt wel 1 nha-rgn foTinrsd "hhcirciOvCir- Tli« t.T::.gger discharge 
is not strong enough to eliminate ail of the v^-all charge, 
and acta to trigger the aiist.ain discharge between the sustain 
and scan electrodes. A sustain discharge originating from 
the trigger discharge is then generated fctr.t.vrr^nn tho nuHtaln 
and scan electrodes* Uae ol a trigger discharge allows the 
dischaj-ge etST-ting voltage to be set lower than when a txigg^x 
discharge is not used. 

Consequently, with a drive method that applies this 
Leonnique, a trigger^ discharge is generated by ihe 
applloation of a sustain data pulse to data ^lecL^-ode a 62 
in the sustain period, making it possible to reduce -he 
di ftrrharg^^. starting voltage between the sustain and scan 
electrodes iii Lhe sustain period, and to improve the 
Humi nance efficiency uX Lhe PDP device in comparison to when 
a trigger discharge is not generated. 

While the relative increase in luminance ef-iciency 
provided by the trigger discharge technique disci o.ctrtd in thrs 
above prior art reff-srcncjeii is desirable, it is, however. 
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clearly insufficient when considering the considerable 
ifliprovemcnts in luminannft efficiency currently i^eing sought 
in relation tc PDP devices, as cnentiotjed abovf:^, 

StlMMARY OF THK TNVFINTIOW 

The present invention aims to resolve the above problem 
by providing both PDP devices exhibiting hiq-h lu.Tiinance 
efficiency and r^elated. drive uiethucis. 

trhe inventors, -In thei-r research development into 
x-esolving- the above problem. Identified a close relationship 
between the luminance efficiency of the panel and the timing 
of Lhe sui^Laiii delta pulse applied in the sustain period. 

As such, the present invention has the followinq 
features . 

Tn a PHP device And a relented rtrlve method pertaining 
Lcj Lhe px-e^ejiL lu veiiLloii , wlLli respect to which the PDF device 
-i ncl i3do.5? a par-el unit having pInTral pai i-fi of a ClraL and a 
second electrode and a plurality of third electrodes that 
intersect rhe electrode pairs to define a plurality of 
discharge cells* and a drive unit that drives the psne.L unit 
using a drive juetfincJ havi ng h wri te p«T-i rid anrl a wutiLalri penlud/ 
by applying, in the sustain period, a voltage to the third 
electrodes and n voUtngo to the elcr:l-.Tr>dc p.^irn, an t<:^ 

generate a sustain discharge between the first and aecond 



electrodes in "LJie sus^Laiu period, the drive nntr. applies the 
voltage to the third electrodes in the sustain period so as 
to change the potential of the thir-d eleo Ujodeu during the 
sustain discharge. 

W1t.h the above pdP device and drive method, it is 
possii>le to improve the liiroinanoe efficiency of the panel 
as a result of applyir^g- a voltaq-e to tine third electrodes 
iu the sustain period, in addition to the voltage applied 
to the first and second electrodes. 

With the above PDP device considerable improvements in 
luminance ef f 1 cl ftnr^y arft mndft pojssihle by confrolllTjg the 
voltage ^ippXlj^a Lu Lhe Lhii.d electrodes during the sustain 
discharge so thcit the potential of the third electrodes 
changes during the sustain discharge. In other words r the 
formation of wall charge in rJi i^rrha rg<^ chills during the 
sust&in period is affected by the potential uJT Uie electrodes 
at the end of the sustain discharge. Here, when t.hf» fal 1 fiime 
of the voltage applied to the third electrodes is set to be 
after thR sustain discharge as in conventional PDP dcvicco, 
it is not possible to moculate the sustain d-i.scharge, since 
ev«n whf-rs the. voltagf* Ik appllefd to Llie thijL-d electrodes in 
the lead up to the next sustain discharge, the electric field 
di sq+.ribkiti on Riinply -rnvcirr.r: to a fitate when the wall change 
was formed. In shor— , continued modulation ot the. sustcin 



diachargre was ccnsidered lirpossiblc with coiivcsntional PDF 
devices . 

In cjont.raot/ w.th "the abovc PDP device and drive method r 
wall clicixye li* Xuiined in a:i elec;tric; lield dis ^xlbuLioii sLaLe 
after ^he change in potential of the third electrodes, due 
to the potential of tlie Lhixrd eleoLr-odcE-^s being elianged px^ior 
to the end of the du£ltain discharge (i.e. duxing- the sustain 
dijscharcfe) . By chanying the potential of the third electrodes 
again in the lead up to the next sustain discharg-e, it is 
po5?s**b*le T.O eff nnt a rshrange In the sleoLx^xc field 
distribution state, and thus moduTatf* thf* fln^tain (liftcharge. 

consequently/ with the above PDP deviue and drive 
method, it is possible to realize su-f iciently hifyh luminance 
efficiency. 

Also, with the. above*; PDP device and drive method, a 
positive pulse voltage typically 1» applied to the third 
electrodes in the sustain period, and this voltage waveform 
typically is oet to fall (from potential vi to V2 ) during 
the sustain period. As a rftf^ul t/ It ia possible with the above 
PDP devicse and drive method to induce the sustain discharge 
path nearer the third electrodes than when a voltagn 1 pi noL 
applied to the third electx-odes. By inducing the discharge 
path toward the third electTndert, it Is possible to lengthen 
the discharge paLh, which increases the posit ix'^e column area/ 



aad to reduce any loss in ultraviolet light through 
self -absorption by having the discharge path approach the 
phoaphor layers fortned over the third electrodris . 

Also, with the above pdp device and drive method, the 
voltage waveform applied to -he third elecLrodes typically 
is set to rise {froro potential VO to vl) before thrs sii stain 
discharge in the sustain period. Also, with the above pdp 
device and drive method r the voltage to the. third oleotrodets 
typically is set, as described below, iiccorcling to the 
voltage applied between the electrode pairs, in thn csarse of 
the waveform of the sustain pulse applied between the 
electrode pairs "in the sustain period having a i;lope 
requiring a dnrar.lon T to least one of and fail. 

(1) TSx£*xiiple£j are given below of when the voltag-e wnvefo-rni 
applied to the electrode pairs in the sustain period (step) 
is pun.Ke waveform that alternates repeatedly between high 
and low potentials* the high per-.! odA being of equal duration 
to -he low periods. 

(1-1) In the ca$e of duration T being 250 nsec di2 0 %, 
t:^io pol-enl-ial of the third electrodes is cl-ianqod in a range 
of 0.1 /usee to 0.5 /< see after the voltage waveform applied 
to at leasL the first oi* second electrodes begins to change. 
This range typioally is 0,2 fx^&c to 0.4 ^scc- 



(1-2} In t,hc case of doration T beiny 500 nsec =20 %, 
t-he p^)^e.nt.^a^ of the thi.rd electrodes is changed io a range, 
of 0.3 Gcc t.o 0,7 /.^ sec after the voltage waveform applied 
to at least tlxe first or second electrodes begins to change. 
Ihis ran^e typically Is 0.4 sec to 0.6 jusec. 

Considering (1-1) and (1-2) above, a time t typ^_cally 
is set so as to satisfy a relation in o r-^ngn dc>f innd by pointn 
al (25C, 0.1). bl ('JliOx 0.5), Gi (500, 0.3), anddl (500, 
0.7), when duration T is ineasurft<3 on the horizontal axis and 
time t is measured on the vertical axis . Time t more typically 
is set so as to satisfy a relation in a r^iiiye di^IIiitia b^- i^oliiLs 
all (250r 0.2), bll C250, 0.4), cll (500, 0.4), and dll (500, 
0,6), A1.S10, the nhangft In the potential of the third 
electrodes occurs in a range of T - 0 , 15 /l: sec to T '^ C.2S 
u sec after the voltage waveform appl j ed to at 1 east the first 
ox- second electrodes begins to change. This range typically 
is T - 0.05 ^ sec to T + 0.15 /:£ a&a . Here, time t Is the time 
at which the potential of the third electjrodes changes when 
the waveform applied aL least one of the electrodes in 
the pairs begins to change. 

(2) Examples are given below of wher the^ voltage waveform 
applied to the electrode pai^*5 in Lhe sustain period (step) 
is a pulse waveform that alternates repeatedly between high 
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and low potentials, tlie liigh pexioas belug luiigtii- Lhaxi Lhe 
low periods . 

(2-1) In the case of duration T toeing a 50 usee :t20 
Llie puLeaLittl cl Llie Lliird electrodes is chang-cd in a range 
ol" 0.0 sec to 0,5 ^ sec after the voltage waveform applj.ed 
to at leaeL Lhe fix-tst or s^^iconri cil cictroriof^ briginrs to ofiangri. 
Thla mn^^ typiually io 0.1 /i sec t;^ 0.3 /^scc. 

C2-2) In the case of duration l* being 500 nsec ±20 
the potential of the third electrodes is changed in a range 
of 0.2 /< sec to 0.7 u sec after- the voltage waveform applied 
to at least the first ozr second electrodes begins to change. 
This range typically is 0.3 usee to 0,5 sec . 

Considering (2-l> and (2-2) above, a time t typicaZ.ly 
io set CO ao to tsatiafy a relation in a range defined by points 
a2 (250, O.O;, b2 (7550, D.S), n;? <500, 0.2), and d2 (500, 
0,7), v/hexi dura_loti T la measured on the horizontal axis aao 
ciitie t is tneascred on the vertical axis. :rinie t more typically 
is set so as to satisfy a relation in a range defined by points 
a21 (250, 0.1), l>:?1 (2S0^ 0.3), c21 (500, 0.3), and d2l (500, 
0,5). Also, the change In tne potential of the third 
electrodes colours in a range of T - 0 ► 25 sec to T + 0.25 
a sec after the voltage wnvrifo-rni applied to at least the first 
or second elcctrorioR hnginft to change. This range typically 
Is T - 0,15 ^« sec to r + 0.05 sec . Hercr time L Im , Llie ^saaie 
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as (1) aoove, the time at which the potential at the third 
elec-rodes changes when the wavefcrm applied to at least one 
of the electrodes in the pairs ]3egins to change. 

(3) Examples are given belovr of vhen the voltage waveform 
applied to the electrode pairs in the sustain poi^ioS ( rstrip ) 
i« a pulse wa-vefoxm that altexnat^s repeatedly bet-ween higrh 
and low potentials r the hi^h periods being shc:x"Lex* Lliaii Lhe 
Xov periods . 

(3-1) Xn the case of ciurat.ion T being 250 nsec it 20 ^, 
for example^ the potentia^ of the tharct electrodes is changed 
in a range of 0,2 /u see to 0 . S p. sec after the voltage wa vcTif orm 
applied to at least the first or second electrodes beqins 
to rise, or 0,2 sec before to 0.2 /utsec after the voltage 
wciveroiiu Applied to at least the first or second #^1 erTt-yndes 
begins to fall. These ranges typically are 0.3 /^sseo to 0.5 
pi ECO with re£;pecL Lo the rise in the voltage -y^avef orm to the 
electrode pairs, and 0.1 ;w ►sec to D.l //aec; vith respect to 
the fall in the voltage waveform to the el^otrode pairs. 

(3-2) in the case of dii-ratioii T beiiicj SOO nsec ±20 4, ' 
the potential of the third electrodes is changed In <d range 

of 0-4 ^ sec to 0 . 3 //sec after the volt ago waveform applied 
to at least the first or second electrodes bogi.nn to rise, 
or 0.0 ii sec to 0. 4 ^ac sec after the voltage waveform «±pplied 
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to at lea^st the fix'st or Becoiid elKu^rodeb begins to tail. 
-These xanges typically are 0.5 sec to 0 . 7 sec with arespect 
to the rise in the voltage waveform ro the cloctTodc: pcii-rn, 
and 0.1 /isec to 0 • 3 //sec vith respect to the I'all in the 
voltage waveform to the eleetjrode pairs. 

Considering (3-1) and 1^'^-) abova^ a Lin\e tl typically 
is seL so as to satisfy a relation in a range defined. i>y points 
a3 C25G, 0.2), h3 (250, 0,6), c3 (500, 0.4), and cl3 (SUO, 
0.8), -when duration T is measured oa the horizonta] a>r1 s and 
time tl is jxienstiTTLfl on the varLloal axis. Time tl itiore 
typically is set SO as to satisfy « -relation in a range defined 
by points a31 (250, 0.3), 1:^31 (2r!a, 0 , TO r c3i (500, 0.5), 
and dJl (500, 0.7) . Also^ the change in the potential of the 
third electrodes occurs in a range; of T - 0.05 sec to T + 
0.35 ;^ sec after the voltaye waveform applied to at least th^ 
first or second elec Lx-ude^st begins to rise. This range 
typically is T + 0,05 sec to T + 0.25 ^sec. Here, time tl 
is the time at which the potential of the third electrodes 
changes when t]he waveform applied to at leatsL cne of the 
electrodes in the pairs begins to rise. 

Also/ a time t2 typically is we I. so as to satisfy a 
rcJation in a range defined by points a4 (250, -0.2), b4 (2*50, 
0.2), c4 (SCO, 0.0).P and a4 (fSOO, 0.4), when duraLiou T is 
measurr:^d uii Lhe horizontal axis and time t2 is measured on 
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the vertical Time t2 more typically la sec so as to 

Batisfy a relation in a range defined by points a41 ^250, 
-0.1), i>41 (250, 0.1), c41 (500, 0,1)/ and c.41 (500, 0.3). 
Also, the ctiange in the potential of the third Glcctrodes 
ocaurrs In a ranges of T - 0-45 //sec to T - 0. 05 //sec after 
ttie voltage waveform applied to at least, t.ho fi-r.nt or- r,«c:o[id 
electrodes be^-ins to fall. This range tiypically is r - 0,35 
/isec to T - 0.1b /£sec. Here, time t2 is tne tiicie at which 
the potential of the third electrodes changes when the 
waveform applied to at least one of the electTodn-w in Lhft 
pairs begins to Tall . 

In (1) to (3) ahove, duration T typically is se-_ in a 
range having a width of ±20 % v/ith respect to a reference 
vali3f» t.ypitftally in a range of 250 nscc to 800 nsec, and more 
typically in a range of 250 nseo to 500 nsec. Here, the :+- 
20 % range width is to allow xcx* riutjLaa.tions in duration 
T. 

Also, vT-it.h the above PDP dc^vloe and drive nethod, the 
drive uulL nay Include a detection rsiitiimi t. operable to detect 
a char actcx-lii Lie of an image for display by the panel unit, 
and a control ©ubunit operable t.o perform a cujnl.rol to change 
the potential of the thix'd electrodes In the sustain period 
according to the detected ch-irantcirlstic. 

As a resxilL, with the above PDP device, it is possible 
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to alvra.ys secux^e a lixgli luixiiuance eiTicienvv LliaL La yUciblfs 
irrespective of the imagre for display. In other words, vhiie 
it is possible with convent ion<il PDF devices to Improve 
luminance efficiency when displaying Iznagea having a certain 
5 brightness average hy applying a voltage to the third 
ol nct'Tories • f.her^e. i s n !H md t to th<?. -imp-rovoninnt-.s i n 1 iirai nanrsn 
efficiency that can J^e achieved when displaying images having 
different brightness averages. In contrast, with the above 
?DP device and drive method pertain in cr to the present 
10 invention, it is possis i bl p. to fsimtain a high luiiiinano€± 
etticiency that is not affected by differences in the 
brightness averages of images for display, because of Lhee 
potential of the third electrodes being changed according 
i-.o the T^eflpective brightness averages of uuoh Images, 
15 Specitically, it is possible to implement a wt-rncture 

in which the detection sabunit is a b-L-iyhLaess average 
<letection unit operable to detect the brightness averagers 
of images for display * and the control subunit performs 
controls to change the potentjal o-T thft third electrodes 
20 based on detected brightness averages. 

The inventors have also identified that the tcmpc-^rai-u r« 
of thn pancsl unit affects luaiinance efXiCJiency. This is 
tiiought to be due to changes in the consritnt.i on of meniJers 
included in the panc:l unlL, pax^Licularly the protective J-ayer , 
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Uue -Lcj chang-cs in tlie panel temperature- For this reason, 
with the above PDP device and drive method, the deteoLion 
subuntt In the drive unit may be structured to also detect 
the panel temperature In addition to the brightness average, 
and the potential ot the third electrodes or the timing- of 
the TTOltag-e to the third electrodes in the sustain period 
changed, based on both detected bxiyhLiieat: ci vt;ic±y tits ztiici pcinel 
temperatures. As a result, with the above POP device, it is 
possible, in a.dditicn to the above eftects, to always sustain 
high luminance efficiency, irrespective of changes in the 
usage env IronaienL (temperature) o£ tJie FDP clevlee. 

in a PDP device and a related drive method pertaining- 
to the present invention, with respect to which the PUi' device 
includes a pan?*! nnit havi.ng plural pairs of a firat and a 
second electx'ode and a plLirality ot third electrodes that 
intersect the electrode pairs to define a pluxullLy of 
discharge cells , and a drive unit that drives the panel unit 
u.<?ing a drive method having a write period and a sustain pei-icd, 
by applying-, in the sustain period, fl voltage to the third 
electrodes and a voltage to the e-Lectrode pairs r so as to 
generate a sustain discharge between the first, and n<^!C)r]d 
eloctrodos in t.hct ni353taln period, the drive unit applies the 
voltage to the third electrodes in the sustain period so ar; 
to change the? potential l>£ Lhe third electrodes during the 
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Wlxeii tlia pctential of the third e.le.ct.TOd?i?s 1 a changed 
duz-ing hho. niDnt.ain d ifjwhax-ge , iL i« po^3aible to improve the 
luminance efficiency of the panel by lengthening the positive 
column region an^l improving ultraviolet production 
efficiency, as a result of hastening (l-e. bringing forward) 
the timing of the sustain discharge, making the area of the 
sustain discharge (discharge path) approach nearer the 
phosphor layers and the third cl rifstrodftR, and lengthening 
the d.ischa-rgri path, in comparison to when the potential of 
the third electrodes is not changed. 

In the iihove PDP de<^ice and drive m^ithod, the voltage 
waveform of the third elcctrndRFi r.ypically is contrclled 
fall according to the above timing, so as to achieve 
ittiprovenents in lumancancf* efficiency. 

JJRIEF DESCRIPVXOig- OF THE TO^^WTKGS 

These and other objects/ advantages, and feazures of 
the invention -will 'becorne apparent from the icilowing 
deacription thereof taken in conjunction with the 
accompanying drawings , which illustrate specific 
eiTibodimeats of the present invention. 

In the drawings ; 
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Fig-.l is a block diagx-aiu showing Lhe tfL-c*uc;Luxe at a PDP device 

1000 pertaining to an embodirtieut 1; 
Fig. 2 is a plan diagram showing a panel unit 100 in PDP device 

1000; 

Fig -3 is3 a . perspective diagram (paxt-is-l cross- sect ion} 

showing a main scctinn or panftl unit 100; 
Fig, 4 is a chart ©tioTving pulse waveforms applied to the 

electrodes during the drive of PDP device 1000; 
Fig. 5 is a chart showing pulse vaveforir.s applied to tho. 

electrodes in a sust?»in pp-riotl; 
Fig.S Ifis a characteristic diagram showing tloe "re" at.-i nn.'Ship 

betvreen ^luminance efficiency and Lhi^ fall time ot a 

su&t.aln data pulse; 
Fig. 7 is a charactcriotio diagram showing the relationship 

l>etweeii -he half -width of a 1 izminanee waveform and the 

fall time of the sustain data pulse? 
Fig*8 is a chart showing pulse waveforirs Hpp]i«<l Lo the 

electrodes in the sustain period, during the drive of 

a PDP device 110 0 pertaining to an cni2>adiment 2? 
Fig. 9 is a charactex-lstlc diagrair. showing the relatiOt^Ghip 

between luminance efficiency and the fall time of the 

sustain data pulse; 
Fig. 10 Is a characteristic diagram shnwi ng the relation^shlp 

between the hall ■'width of a luminance waveform and the 

lf& 



fall Liiiie t>r Lhe ssujsLaiii UdLa pulue; 
Fig-. 11 is a cliart showing- pulse waveforms applied t.o the 

electrodes in the sustain period, during the drive of 

a PDP device 1200 pertaining -za an embodiment 3: 
Fig. 12 is a characteristic diagx-am showing the relationship 

between luminance efficiency and the fall time of rhe. 

sustain data pulse; 
J?*ig.l3 is a characteristic diagram shoving the relationship 

between limiinance efficiency and the fall time of the 

sustain data pulse; 
Fig, Id is a characLtarlsLlc diagram shoving "^he relationship 

between the half -width of a luminance waveforui and. Lhe 

fall time of the sustain data pulse; 
Fig- 15 is a aehematic <3i«g-raiii showing the change in the 

sustain dischazye pa-li ill the PDP devices pe-rr.ainj.ng 

to embodiments 1 to 3; 
Pig, 16 is a chart showing pulse waveforms applied to l.titi 

elentrodes in the sustain period, during th^ drf_ve of 

a PDP device xaOO pertaining to ar. embodiment 4 « 
Fig. 17 is a ohax-t sshov/iog pulse waveforms applied to the 

electrodes in the sustain period, during thf:». ilrive of 

a PDP device. 1400 pertaining to an enibodiment 5; 
Fiy:^.18A & L8B are plan diagrams showing electrode 

coaf igurarions .in a PDP d<3i/ice 1500 pertaining r^o an 
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erabodlmenl: f> ; 

Fig. 19 is a chart showing pulse waveforms applied to the 

tilent-.Todcir; in t-hc ^siifistiain poT3ori, duTi ng tilie <ii-ivtf of 

PDP device. 1500; 
F±q.20 is a schematic diagram showing the change, in t>ie 

nurstairi di embargo patli i.ij PDF device 1500; 
Fig . 21 is a block diagram showing tne structure of a pdp device 

20C0 pextaiiiing Lu ixzi exubodiment 7; 
Fig, 22 is a chart showing pulse wavefonnft applied to -he 

electrodes in the* fjual.aixi period, during the drive of 

PDP device 2Q00; 
S"icj.23 is a characteristic diagram showing the relationship 

Ijetween luniinancc rs-Pf i rs1 e.nny and the fall time of the 

sustain data pulse at a brightness average of 10%; 
Fig. 24 is a c"ha-rflcteTi sti c diagram shoving the relatioiiaJjip 

between luitiinance efficiency and the fall time of the 

sustain data pulse at a brighl.nKMH average of 100%; 
Pig. 25 is a characteristic diagram showing optimal fall tijiies 

of the >ii3stain data pulse for diffex-t±£iL brightness 
av^erages ; 

Fig. 26 is a flow diagram of processing conducted by a 
pulse-processing unit 241 in pdp device 2000; 

Fig. 27 is a ch.iTactnrl .itic diagram showing Lhe timing of 
pulses applied to the e-ectrodes in the sustain period, 

L» 



duuring- the drive of PDV device 2000; 
rig ♦ 28 Is & blocH: diagram sliowlng the s1:ructure of a pdp device . 

3000 pertaining to an embodiment 8; 
Fig. 29 is a cliaracteristic diagram shoving the relationship 

l>etween iuitinance efficiency and the talL time of the 

sustain data pulse at a panel temperature of 37 ; 
Fig. 30 is a characteristic diagram showing the relationship 

betwetsu lwuixia.xiwe erfloieucy and the fall Lime of the 

sustain data pulse at a panel temperature of 65 XJ; 
Fig. 31 ie a characteristic diagram showing optimal fall tines 

of the sustain data pulse for different panel 

temperatures ; and 
Fig ♦32 is a chart showing pulse waveforms applied to the 

electrodes during the drive of a conve.ntJ onal PDP 

device . 

DETAZliED DISSCSLXFTZOM OF TEC£ ^RSFEIffiEB EMBODIMISNOfS 

PDP devices and related drive inethods pertaining to the 
present invention a -re. described below with reference tc the 
drawings ► 

Embodiment 1 

1. overall £>tjruatu2re of PDP r}€fv^iatp. 10O0 

Firstly, the overall stractux-e of a plasma display 
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panel <PDP) device 1000 pertaining to an embodiment 1 will 
be described using- Figs.l to 3. Fig.l ia a blowK aiayj.-ciui 
Ghowing the overall Gtructure of PDP device 1000. Fi<5»2 is 
a plan diagraift ccheznatlcally sliowing an electrode 
Gonf iguration or a panel unit 100. Fiq.3 is a perspective 
dlagxaiKi {partial cross -section) sliowing part of prttie.l nnit 
100 . 

As shown in Fig.l, PDP dtivlutf 1000 is constituted frojri 
panel unit IOC, which displays Images, and a drive unat '-^00 
fox driving panel unit lUO using a field time -division 
grayscale method. 

1-1. StjruGtui& 0'£ Pan&l Unit 100 

As shown in Fig.2r in panel unit 100- a plurality of 
display electrode pairs 12 {see Fig. 3) of a sustain electrode 
13 and a scan electrode 14 are formed in cl SiLr^ipe pattern r 
and a plurality or data electrodes 22(1^, to 22 (M) that: 
intersect display electrode pairs 12 are also formed In a 
stripe pattern. Display electrode pairs 12 arc px-ovlUed oij 
a front glass substrate 11/ and data electrodes 22 are 
provided on a back glass substrate 21. The front and back 
glass substrates are disposed so that display electrode pair-s 
12 and data electrodes 22 inter sent. FJach point of 
intersection between a display electrode pa-ir 12 and a data 
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electrode 1^7 defines a dischiarge cell. 

AS shovD in Fig. 3, panel unit 100 is struoturea from 
a front panel 1 and a back panel 2. The space between the 
panels 1 and 2 is a discharge space A. Front panel 1 includes 
su6t.kin electirodes 13 and scan electrodes 14 provided 
al-=.ernately on front glass substrate 11, a dielectric layer 
15 formed over the surface of front glass substrate 11 uii 
which the sustain and scan electrodes (display elect-rode 
pairs 12) have been provided, and a protective layer 16 formed, 
over dielectric layer 15. Here, display electrode p.i i t.s "12 
are formed a.ccoxdliig to the number ol pixels in the column 
direction of p<inel vinit :iOO. 

Back panel 2 includes data electrodes 2 2 provided on 
back g-laAfl «iibst-rat.e 21, a dielectric layer 23 formed over 
•c-he surface of back ylcisa substrate '21. on which d«tn 
electrodes 22 have been provided > and barr-ier xlbs* 24 
disposed in a stripe pattern on dielectric layer 23. Back 
panel :^ ^Ifto innludes red (R) , green (G) aad blue (B) phosphcx 
layers 25 formed on the bot-com and walls of g-roovRS defined 
by dielcictrlt! layex 23 and adjacent baxrier ribs 24. Here, 
three data electrodes 22 are provided for every pix<sl i LVi« 
row direction panel unit 100, 

The front and back panels are affixed togethrir around 
a perimeter area using^ frit g-lasu,- or Lhe like, so as to ±ace 
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each other with display electirode pairs 12 intersecting data 
electrodes 22. Discharge space A, which exi.9t5t between the 
tvo panels/ is filled with a discharge gas (e.g, Ne.-Xe gag, 
*=ie-Xi?i gaS/ etc,)- 

Electrodes 13, 14 and 22 arc formed using metals such 
as gold (Au), silver (Ag), copper <Cu), chrome (Cr), nickel 
(Ki), and platinum (Pt) , Sustain electrodes 13 and scan 
electrodes 14 may also be formed by laminating Ag on a wide 
transparent electrode wade from a conductive metal oxide ^uuh 
as indium tin oxide (XTO), tin oxide (SnO^) . and iiiluc oxide 
iZnO) . 

Dielectric layers 15 and 2 3 coo inct formed using 
low-melting ?.cad glanrs/ low-melting bismuth glass, a 
laminatr. of low-melting lead glass and low-melting bismuth 
glass, or the like. P:roLective layer 16 is a thin film madft 
from magnesium oxide <MgO) . 

1-2. istiractaire of Drivo un±t 200 

The structure of d^ivt* unit 200 in PDF device lOOO is 
described below, referring regain to Flg*l. * 

As shown in Fig.l, drive anit 200 ie constituted frcm 
a data detection unit 210, a uubfield conversion unit 220, 
a control ucit 240, a sustain driver 250, a scan driver 260, 
and a data driver 2/0. Of these, data detection unit 210 
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detect-fl image data (l.e- grayscale values of individual 
discharge cells) for eacii screen from video data inputted 
fxoir. an external source, and transfers the d&tected data 
seq-uentially to subfield conversion unit. 2 20, He.re, 
de-tection of the image data can be xmpXenLentec using a 
vertical synchronization signal Included in the vidc-.o data 
as a reference, Ali^cj, lu Uit^ ucuse ol" iiidlvidual dischai-ge 
cel.ls being displayed using 256 grayj^cales, tlie grayscale 
value of each cell ifi expressed by B-t>it image data. 

Subf ield conversion unit 220 includes a fsnh-flttlrl inciinory 
221- I7nit 220 converts Ll\^ Image data transferred from data 
detection unit 210 into GiLhfield data, which are groupings 
of binary data for grayscale display by panel unit 100 that 
show the on/off st.at.ft of cells in each nubrield. Unit 220 
stores the subfxeld data in subfield laemory 22.1 . Unit 220 
outputs stored flubf ield data -3.0 data di-lvej.- 270 under the 
control of control unit 24 0. 

Synchronization signals (horizontal synchronization 
signal«3 ox *Hsync*r vertical symc-hroniz.ntl on signals or 
^VsynC) are inputted Lo control unit 240 in sync with the 
video data. ITnit 240 outputs timing signals {!) data 

detection Linlt 210 inflioating the transfer timing of image 
data, <ii; subfield conversion unit 220 indi na^.ing the 
write/read -::iining to and Erorn ::<ubfield memory 221, (ill) 
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sustain rlr.iveT" 350, scan driver 760 and 6fi^.f^ driver 270 
indicating the application timing of pulse voltages. 

control unit 240 includes a pulse -processing unit 241. 
unit 240 uses unit 241 to set tHe rise/fall -iminq of the 
sustain data pulse applied in the sustain period. Unit 241 
se-::.s the rise/falX timing of the s'jstain data pulso with 
respect to a preset s jig tain puLce, uwiny Liie same method as 
that cLescrifced below in emhodiment 7 (l:'ic',27). A dsitailed 
description of the ri^&e/f all timing ot the sustain data pulse 
is given in a later section , 

Sufc?taiu dxlvex- 250, which employs a toown dxiver rc 
circuit, is connected to sustain o^.orstrodes 13 provided on 
front panel 1 o± paael unit 100. Driver 250 applies 
initializnt i on and sustain pulses to sustain electrodes 13 
in the initialization and sustain periods, respectively, nf 
each subf ield, so as to allow stable initial iz at ion r » us Lain 
arad erase discharges to be generated in all of the dischi^xgo. 
c^l 1 s . 

Scan drivei" '2iiO , which employs a tnnwn driver ic circuit, 
i.a oonaeoLed Lo scan electrodes 14 pzroirided on front panel 
1 of panel unit 100 . Driver 260 applies initialize I. 1 <.iti , wr.: Le 
and sustain pulses to scan electrodes 14 in the 
iulLialization, wx-ite and sustain periods , re.spnrjti ve] y , of 
each subfield, so a«i to allow stable initialization, write 
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aiid &5U3Leilii ai£»ukax-9e3 Lo be generated in all of the dis charge 
cells - 

Data driver 2 /0, which, employs a known driver IC circuit 
(e.g. drive-r XC circuit disc_osed in F.lg.n of nnp.xamiied 
Japanese patent application publication 2002-287691)/ is 
uoimected tu data electrodes 22 provided on bacik panel 2 ol 
panel unit 100. Driver 270 selectively applies a write pulse 
to data electrodes 22 in the write period of each sub field 
and a sustain data pulse to all of the data electrodes 22 
in the sustain period, so as to allsi^w table write and sustain 
dl£3c;harg^^ Lo be yeneraLed in all of the discharge cells . 

T-.'?. r>rfv<^ Meit.hod t€>r PDP D&vlaG 1000 

PDP device 1000 pertaining- to embodiment 1 uses a field 
tine-division grayscale display method as the drive method 
for displaying nultiple qrayscales , Aoc^ording to this method, 
one field is divided into a plurality of sub fields and 
intermediate grayscales are expressed by varying the 
combination of on/ofl yubrields . This drive method is 
duscx^ibed below using Fig. 4. 

Pig, 4 !5hr>w^i t.het exemplary division ol a single field 
300 when expressing 256 grayscales. Time is shown from left 
to right across the page, and the periods marked by the 
ver-cical slanting lines indicate an initialization period 
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.■^09 and. a write period 310 in each subfield- Field 300 is 
divided into eight fiubfields 301 to 30S according- to the 
division method ehcvn in Fig-. 4* Ihe number of sustain pulses 
in eacti ot subtieids 3 01 to 3 08 is set so that the relative 
brightnesifs ratio of the eight S3-abfields is 1 : 2 : 4 1 8 : 16 : 32 : 128 . 
By controlling the on/off states of subfields 301 to 300 in 
accordance with the display brightness of the data, 256 
grayscales can be expressed by the various subfield 
combinations . 

subfields 3 01 to 3 00 are each constituted from 
J nit-iaa 1 aatlon- period 309, write period 310, and a sustain 
period 311. The durations of initialisation period 3 09 and 
>^rite pexiod 310 £tre uniform across the subfielde, while the 
duration of sustain period 311 rrorrft^pondfl to the relative 
brightness level of individual j^ubXleldi^ . For example, when 
displaying images on panel unit 100 shown in Flg*l, an 
initialization discharge is firstly generated in all of the 
discharge cells in initialization period 309, initializing 
the cells . This eliminat.e« Lhe eXEtsLsL of dischax^ges generated 
in the pareeeding subfield and absorbs? any »/ar lance in the 
discharge properties. 

Kext, in write period :^10, a P5l 1 ght discharge (address 
discha-rgei) la genex^ated between scan electrodes 14 and data 
electr-odes 22 in accordance with the subfic-ild da La. This 
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discliarfje causes wall chajrqe to accumulate on the fsurfAo*^- 
o£ protec-Live layer 16 o\^er sustain electrode 13 aad scan 
electrode 14 in the discharge cells D that are to be turned 
on (see i!'lg,2). rhe accumulation of wall charge resDltlng 
from the address discharg-e is not enough to reach the 
discharge starting voltage in the ce.1.1 . Fnr example^ 
voltages of 160-200 V, 80-120 V, and 60-^0 V are applied 
respectively to sustain electrodes ,13, scan electrodes 14, 
and data elec-rodes 22 in write perioa JIO. 

Then, in sustain period :^jn , r-cctangulax- tmstain pulse 
\^avefonu43 312 aua 313 iiaving a predetermined voltage (e.g. 
180-220 V,- typically 20C V) and cycle (e.g. 6 /^zsec) are 
applied simultaneously to sustain electrodes 13 and scan 
electrodes 14 acToAS an entirety of panel unit 100, so as 
to be out of phase by halX a oycle . Here, a rectangular sustai n 
data pulse waveform 314 having a predetermined volLaye (e.9 . 
60-90 V; typically 7 5 v> and cycle is applied to data 
e.lent.rod^-ft 2 2 in sustain period 311/ as shown in Pig . 4 . 
Sus#Laln data pulse ;il4 is described he-low ia«ing Ftg.5- 

As shown in Fig . 5 , pulse wavefojrms 312 and 313, whose 
Jiigh (e.g. 180-220 V; typically 200 V]/low (*^.y. 0 V) 
potentials are set to Tnavft durations II and T2 , respectively, 
are applied to sustain electrodes 13 and scan el critrodrir. 14 
in sustain period 311 so as to out of phase by 180 deg-xees , 
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As showD in Pig . 5 , Tl - T2 aosooraing to the example, given 
in embodiment 1. sustain data pulae 3i4 ia set to rise from 
potential VO (e-g. 0 V) to Vl (e.g. 60-90 V; typically 75 
VJ in □ vicinity of the riae/foil times of sustain pulses 
312 and 313/ and to fall at a time t3 (i.e. after the elapse 
of a duration t3 from the rise time) . 

X:i view of suppressing any deterioration of phosphor 
layers 25 resulting from the. drive, potential VI typically 
ia set in a range that vlll not uauae a discharge between 
the data electrodes and either the sustain ojr soan electrodes 
when sustain data pulse 314 is applied. 

A3 de-scTi "bnrl ahovc, ^lufstain data pulse 314 is set to 
rise from potential vO to VI at Lime tO, and to fall at time 
t3 after the elapse of a certain time peri od from the rise/fall 
tine tl of sustain pulses 312. 313. The rise/fall tim^^ng of 
sustain data pulse 314 is set based on the followiny 
methodology* as shown in Fig, 3, the oyole ot sustain data 
pul in± 314 i_s set to be half that of s us to in pnlf^ef? 3X2/ 313. 
In embodiment 1, time tO is set i-.o precede time tl teaipurally , 
so as to ensor?*; that the rise time of uu$Laln data pulse 314 
occurs prior to the sustain discharge- 

As shown by the luminance waveform in Fig . 5, tbe i^ufttain 
discharge in the discharge cells occurs a little after the 
rise/fall time tl of sustain pulsars 312 and 313 applied to 
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SLLStain elecTirodes 13 and scan electrodes 14, and ends at 
time t4 after peaking at tinie t2. Sustain data pulse 314 itj 
set to have a rise time to before the sustain discharge occurs , 
and to have a fall time between times t,'J and t4 of the 
luminance waveform. In other words / a feature of PDP device 
1000 pertaining- to embodiment 1 is the setting of sustain 
data pulse waveform 314 to have a rise time tO prior to the 
sustain discharge and a fall time t:i during the su£?taln 
discharge. 

The luminance waveform can be observed using infrared 
light radiated by the sustain discharge. 

1-4 • ^upex-ior Px^ap&j^rtl&s af PDP Dovic^ 1000 

As a -re.Rult of rronducti ng experiments to measure 
luminance ^rriult^ucy while varying the rise time and. pulse 
width of sustain data pulse 314 applied to data fi3 cm-.rodefs 
22 in sustain period 311, the inventors deterrained that 
luminancfi ftf'flnlftncy la maximized irrespective of the rise 
time or width or puisne 314, when tlie fall time of pulse 314 
occurs in a certain range after the rise or jJall Limti of 
:>ustaln pulses 312 and 313 applied to sustain electrodes 13 
and scan electrodns 14. The inventors thus concluded that 
Lhe fall time of sustain data pulse 314 applied to data 
electrodes 22 In sustain period 311 is crucial Lo Improving 
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luminance efficiency , 

PDP <3evice 1000 ar, dc^rs^ri br^d abovn if; ahln f-.o KiiRf..^in 
high luminance efficiency with i-espect to various panel 
configurations (e.g. cell structure, condition ot gas 
enftlrtAr.d nn di Hr-h.-iygn Rpar-rt A, rtf-.a . ) , hy having r»iirtt.ain data 
pulse 314 rise prior to tlie sustain dischargre and setting 
n fall time t3 to be during the sustain axsalaxT^f^ . Mox-j- 
specif icaiiyr charge particles resulting from discharges 
shift aocordlng to the bias oonditione {electric field 
Intensity distribution) ait tbe time, forming wall charge. 
If sustain data pulse 314 is set to have a fall time L3 =ilu«i- 
the sustain discharge, chaxge is formed in discharge space 
A. vhile the potential of data electrodes 22 is still at VI . 
If this case, even when sustJ^in data pulse 314 corresponding 
•=.0 the following sustain discharg^t I» x-iiiaed, tlie bias 
conditions simply return to their state at the tima that the 
wall uharge was last tornied, neutxalizinq the effect of 
siastain data pulse 314. 

Also, jbeLtlfi^ i^usLaJ-xi data pulse 314 to have a fall time 
t3 that is too early with respect to the ^sustain diaohax-ye 
may result in the potential of data electrodes 22 falling 
before the sustain BciYif^Tga, making it iiiipcsfiible to 
iDodu.1at.<:^ thti sustain discharge. 

In contrast, with Jr-OP device 1000 it is possible to 
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modulate Lhe su&»Lciiii dlauliiir-ije in ^u^Lali: ptsxiod 311 by 
??et:t-.ing sustain data pulse 314 to liave a rise time tO that 

is prjor to the sustain diacharge ana a fall time t3 that 
i» durinq the sustain dischairg-e . 

It is thus poaaihle with pdp dftvi r:A IflOO to maintain 
hig-h Luminance efficiency during- the drive. To obtain high 
luminance efficiency, the fall time t3 of sustain data pulse 
314 typically is set to be within a period equal to 80 ^ of 
the t ime constant of the sustain discba-rg^ . 

1 - 5 - V&jrl f± OA £ i on 

The superior properties of PDP device 1000 are verified 
hctl r>vr Hiding Pi gn . I> And 7. Fig.fi i r a oharactnrinticj diagram 
showing the relationship between luiuiciance efficiency and 
the fall time t3 of sustain data pulse 314, Ihe vertical axis 
marks luminance efficiency, and tfa.e liorizontal axi& markfl 
the time period from time tl (i-e. when sustain pulses 312, 
313 begin to rise/fall) until time t3 {i.e* wken sustain data 
pulse 314 begiufes Lo Idll) . Fig. 7 is a chajracteristic diagram 
showing the relationship between the. half -width of the 
luminance, waveform (i.e. of the sustain discharge) and the 
fall time t3 of oustaixi data pulse 311. In the Figs.C and 
7 example, the rise and fall of sustain pulses 312 and 313 
have slopes that require 250 nsec ± 20 % to rise/fall. 
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The measurements and condi'Lluus fox.- obtaining Figs. 6 
and. ? are as f oLlows : sustain/soao t*lewLxcjde yap = 80 jkiti 
(mioroineter) ; barrier rib high » 120 am (see Pig.l); Tl = 
T2 = 2-5 /^sec, T3 = 0.3 //see (see Fig. 5). Th« Lime <U3-L1) 
in Pigs.fi cinr^ 7 i « t-.he -fall t:imft rtf .^^iifstaln data pulsG 314 • 

As shown in Fig. 6, the Luminance efficiency exhibits 
little change up until time (t3-tl) -C.l //sec (microaecond) 
As mentioned above, tiiis is thought to be due the inability 
to modulate the sustain discharge becausse of tb.6 fall time 
•t3 of sustain data pulce 314 b«lii9 Loo early wi-^h respect 
to tho suiitciici dieciharge. 

When r.ime {t3^tl> incrcaseii above 0.1 ^sec, luminance 
effioient^v falls below that at time <t3 tl) - 0.1 /isec. As 
mnnhioned above ^ this is thought, to be due to the effect ot 
applying sustaiw data pulse 314 being neutralized by the fall 
time t3 of sustain data pulse 314 being too J. ate with respect 
to ttie sustain discharge. 

As shown in Fig- 7, the half-widLh o± tJie luminance 
waveform shown on the veLLical axis is reduced when fme 
(t3~tl) is later than 0.1 /zsec, r^eaohixiy a mioimum value of 
0,11 at time (tS-tl) =0.3 //sec. Conversely, the ha If -width 
Increases at times ft3-tl) beyond Uiis point. These results 
fithow that the ha IX -width of the luminance waveform varies 
depending on -ime (-3-tl)/ and that the half-w.idth and 
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Iu3iinanc3e efficiency are respectively lainiiaized and 

maximized whr.n t-.imc {t..'^-tl ) =0.3 //sec. 

As Shown in Plgs,^ and 7, high luminance efficiency can 

thias be obtained by setting time (t3-tl) in a range of 0.1 
sec to 0 . 5 fx sec undez- the panel conditions described above , 

and typically in a range of 0*2 fx sec tc 0.4 LL sec. As 

mentioned above, time (t3-tl) is set to be during tlie sustain 

discharge, and typically in a time period that is B0% of the 
tiime constant of the sustain discharge ► 

The Pi gs - 6 nnd 7 ch.Tr.T ctc-Ti n diagr-imfs give only one 
example, the optimal fall time (t3-tl> of sustain data pulse 

314 varying depending on the configuration of ttus; partnl . Thr. 
superior properties of pdp device 1000 per-calning to 
embodiment 1 are obtained by setting tJie fall time or sustain 
data pulse 314 to be during the sustain discharge. 

When the rise/fall sectn one of sustain pulses 312 and 
313 are sloped, a cer-ain time period is required for the 
potential to change XTrom high to low or from low to high, 
using the point in time when the potentials of si.isr.i5in pt3l5ie53 
312 and 313 begin to change as a xelerence, it is necessary 
to vary time (t3-tl) depending on the slope of sustain pulses 
312 and 313. Per example, ir 250 nsec (nanoseconds) is 
required tor sustain pulses 312 and 313 to rise/fall, the 
ranges given above can be appldoc i:t> Lluie (L3-tl). 
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on t.he. other hand, if 5 00 nsec is required for sustain 
pulses 312 ana 313 to rise/fall, the optimal ranges fnr ftottiiDg 
time (t3-tl) is 0-3 w sec to 0 . 7 //aec, and typically 0.4 
sec to O.f} sec - 

Here^ a duration T reqairei? for nnrst-aln piilnftft 312 anri 
313 to rise/fall typically i^ in a range having a width o± 
±20 % with respect to a reference value typically in a range 
Of 25 0 nsec to 800 nsecr and more typically in a range of 
250 ulsgg to 500 naea, t^hein duration T requijred il>j- sustain 

pulses 312 ar.d 313 to riae/fall is within this ran^ye, tiftie 
(t3-tl) typloan.ly i& sot to be in a range of T - 0,15 jj ooc 

to T + 0.25 ^sec. This range more typically is T - 0.05 

sec to T + 0-15 /.i3ec.^ 

Embodiment 2 

Next, .a PDP device 1100 pertaining to an embodiment. 2 
i£3 described, 

2-1. Ov&i-^ll Structure stnct Drlxne Method af rnp n^v^lce 1100 
The structure of PDP dnvice 1100 is aluillax Lo PDP 
device 1000 pertaining to embodiment 1. PUi' device 1100 has 
the same measurements as the PDP device described iu section 
1-5 above, and the drive nethod is basically the same as that 
shown in Fig. 4, PDP device lioo diffejrs from PDP devirsc 1000 
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with Tcspect to the waveforms of sustain pulses 312/313 and 
sustain data pulse 314 applied in sustain period 311. This 
difference is described below using Fig. 8. 

As shown in Pig.fi, ^ua^Lain pulisei^ 313 <itid 313 cipplied 
to sustain elecitrodes 13 a.nd scan electx-odes 14 in sustain 
period 31J du^ring the drive, o-p PnP de.vi ne. 110n are jset so 
that the high potential (e.g. 180-220 V; typically 20 C V) 
period is longer- than the low potential (e.g- 0 V) period. 
More specifically, ti>e high and low periods ot sustain pulses 
31.2 and 313 axe ««L Lo 3 /i gee and 2 /i sec, respectively . The 
pulse waveforms applied respectively Lu isusLali: elecLrodes 
13 and ucap eltsuLx-odeti 14 are set to be out of phase by 180 
degrees . the ±"all and rise times of sustain pulse 312 applied 
to sustciin e.l ectrodn^i i nim snt to hdigio at. times tfi and 
tfi, respectively. The xisc and fall Limes of sustain pulse 
313 applied to scan elec'::rode3 14 are set to begin at times 
t5 and t9, respectively, Ileire, the rise time of sustain data 

pulse 314 19 flet to be earlier than the fa:.! time of sustain 

pulfic 312 {tline te in Pig. 8). 

On the other hand, was Lain aata pulse 314 applied to 

data elecjLxudes 22 is set to have^ for exfimpT^^, a voltagft 

of 60-90 V <Lypically 75 Vj ^ a pulse width o£ 0 . 3 ^<sec and 
-to fall at- times t7 and tlO. As with PDP device 1000, the 

fall tiroes t7 and tlO cf s us '..a in data pulse 314 with respect 
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to PDP devicse 1100 &TCi rsnt. t:o he rin-ri ng t.hct «iis1-.aifi d i rsTi a -rg-o . 

The potential of sustain data pulse 314 after tlie i^ise 

period is set in a range ttiat will not cause a dlscHarge 

between -the data electrodes and either the sustain or scan 
electrodes when pulse 314 is applied. 

Sustain pulses 312/313 and sustain data pulue 314 axes 
set using the same circuit structure as that of PDF device 
100 0 shovrn in Fig.l. Since the creation and exer-nt.-i on of piil «ft 
generation computer programs xs^ possible using known 
techniques, a detailed description of the yix-oulLry 
structure is omitted here. 

2-2 SGLLlncf (jr ^All Times t7, tlO 

Typical fall times t7 and tlO lii pdp device HOC 
employing the above drive method are considered below using 
Figs -9 and 10, Try hnth T?TgR.9 and 10/ zall time t7 of sustain 
data pul^e 314 is set usin<r time t5 (i,e. when ftuatain pulse 
313 applied Lo ascan electr'odes 14 begins to ri^e) as a 
reference, A time Ct7-t5) is thus inar]<cd on the horizontal 
axis of Figs. 9 and 10 ► 

As shovm in Fig . 9 , the lurninance effleiency of PDP 
devicje 1100 exhibits little change up until time (t7-t5> = 
0.0 //sec* An increase in luminance efficiency is observed 
vrlien time Ct7-t5) is in a range of 0.0 /i sec to 0 . 5 //seCi 
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However p luminance efficiency decreases rapidly wlien time 
(t.y-t.^y is set to values greater than 0.5 ^sec. 

As Shown in Fig. 10, the half -width of the luniinance 

waveform is drastically reduced when time. (t7-t.5) is dnlay^d 
beyond 0.0 /£sec, and tlien Increases after T*p;.mtiing a J ow 
point at around 0.2 ;w seo . 

Con&eqaeatly, increases in luminance efficiency can be 
achieved during tlie drive of PDP devi nc 1100 by faetting nhe 
fall Linies t7 and tlO of sust-ain data pulse JIC ^itiiei" to 
be tfce same as times t5 and tB <i*e. wUtsn isuaLdiln pulse 313 
and 312 bey In Lo rise) or to have no more than a 0.5 see 
delay from times t5 and t.8. Tn o-rder ac;hieve considerable 
impi-^ovements in luminance efficiency tines It7-t5) and 
(tlO -tU) are typically set in n rnngc of 0.1 sec to 0,d ^ 
sec. 

The reasons for being nbl k to achieve improvements in 
luminance efficiency by *ettin<7 the timing nf fliistain data 
pul 314 are the same as tliosits ylven in embodiment 1. 

When the rise/fall sections of cuataln puLses 312 and 
313 arc sloped/ a certain time period is required for the 
potential to chanrye froir. high to Inw and vice versa. Us log 
the poluL in Lime when the potentials of sustain pulses 312 
and 3X3 begin to change as a reference- it in uGn^^iiBa.i:f to 
vary times {t7-t.5> and (tl0-t3) depending on the slope cf 



sustain pulses 312 ancl 313. For example, when sustain pulses 

312 and 313 take 250 nsec t.o rise/fall, t3ie ranges given above 
can be applied in sett-log tltr.es (t7-t5) and (tlO-t8). 

On the other hand*, when sustain pulses 3.1:^ .-gnd :^ take 
SOD nsea r.o rlna/falL, t:iineo Ct7-t5) and (tlO-tB) are set 
in a ranged, rtf 0 . 2 /i fsnrs to 0-7 ua&ci, and typiaally in a. range 
of 0,3 /£ sec to 0-5 fit seo . 

Here^ duration T recfuired for sustain piilfte^i 312 and 

313 to rjjse/fall is, the same as embodiment 1, typioally in 
a range having a wldtih of d=20 % with respect to a referenae 
vcili^ti Lypically in a range of 2 50 n^ec to OOO nsec, and more 
typically in a range o-f 350 nfter to 500 nsec- When duration 
T required for sustain puloco 312 and 313 Lo xise/fall Is 
within this range, time^ Ct.7-t5) and CtlO-tb) typically are 
set to be in a rax^ge of T — 0.25 p sec to T + 0*25 ^s&g. This 
range more typically is T - 0.15 //sec to T + 0.15 ^ s&:j . 

EmbodiiiienL 3 

Next, a PDP device 1200 pertaining to an embodiment 3 
if5 described. 

3-1. Drive Metihod Tor PDP Devdae 1200 

The structure of pop device 1200 is similar to PDP 
devices 1000 and 1100 pertaining to enbodiraftRts 1 and 2. PDP 
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dev1(^e 1200 has the same measuremen-ts as the POP dex-ice 
described in section 3-f> above, and the. driTO meitiod Is 
basically the same as that shown in Fig, 4. PDP device 1200 
differs froir. PDP devices 1000 and 1100 with respect to the 
wavefoxTiiu C3f .nui^ta i n pnl fsns? and sustain data pulse 

314 applied in sustain period 311, This diffei-ence is 
descrihed t^elow using Flcj.ll. 

As shown in Fig, 11, sustain pulses 312 and 313 appliec 
to s us Lain elwtrodcs 13 and scan electrodes 14 in sustain 
pe-rnoci 311 during the drive of }^DP device 1100 are set so 
thaii the high potential <e,g. 180-220 Vt typically 200 V) 
P^-iod is shorter than the low potential te,g. 0 V) period. 
Specifically, the high and low periods of sustain pulses 312 
and 313 are s^t. to 2 ft sec and 3 p. sec, respectively - The pulse 
wavetorms applied respectively to sustain electrodes 1"J and 
scan electrode^ 14 are set to he out of phase by 180 degrees. 
The Xd.ll and riae Lliues^ of susiLaiji pulse 312 applied to Sustain 
eleotrodcic? 13 arc oet to bcsgir. at times til and. tl5, 
respectively. The rise and tall times ot sustain pulse 313 
applied to scan elect.rrtdft« 14 are. set to begin at times tl2 
and tl4, respectively, Herts, Uh<^ xise time ot sustain data 
pulse 314 is set to be earlier than the rine time of sus_<ilii 
pulse 313 (time tl2 in Fig. 11), 

On -the other hand^ data pulse. 314 fipplied to data 



electrodes 22 ia set to liave, for example, a voltage ot 00-90 
V f typically 75 V), rx pulse width of 0.3 ^sec (I.e. same as 
embotliment 2) and to fall at times tl3 anfl tl6 , As with. PDP 
clevioefl 1000 anri 1100, tlie f^^ll ti'mc© t1 :^ ana tiff of 5?u/?r.a1n 
aAr.fA pnlftri 314 wit-.h rcspeot i-.r> PDP drivlor:^ 1200 aare net to 
be during the sustain discharge. 

Sustain pulses 312/313 and sustain data pulse :i:i4 nan 
?5{p.t using the name circuitry structure as embodiments 1 
and 2. 

3 2 £>ettingr ojT i'^all Tlm&s tl3^ tl6 

Typical fall t lines tl3 and tl6 in PDP device 1200 
employing the above drive method arc conaidcrcd below ualug 
Figsj.lS Lo 14. Jii Fig . 12 r fall time tl3 of sustain data pulse 
314 is set using time tl2 (i.e. when sustain pulso -"^1 /5 ^ippl i 
to scan electrodes 14 begins to rise) as a reference- In 
contrast, in Flg.l!^ fall time tl3 is set using time tH (i.e. 
wheel sustain pulse 312 applied to scan electrodes 13 begins 
to fall) as a reference- 

Aa shown in Fig, 12, the luminance efficiency of PDP 
device 1200 is observed to Increase when tiiii«^ (L13-tl2) is 
5?Rt in a range of 0.2 ^ sec to 0»6 /iseo# and typically In 
a range of 0.3 fi sec t.o 0-5 a see . 

As £»hown in Fig. 13, vhe.n fall r.lme t.ll is taken as a 
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reference, the luminance efficiency of PDP device 1200 is 
ol^GCrvcd t.o increase when -time (-tlS-t-lt) rscsr. in a range 
Of ^0,2 ptaeo to 0 . 2 ;^sec, and typically in a range of -0.1 
jLi sec to 0*1 /.I sec . 

As shown in Fly . 14 . Lhe half -width of t:he luminance 
vaveforia t-aJsies a small value vhen time (tl3-tl2) is ser in 
a rang-e of 0.2 /rsec to 0,6 ;usec. a»d typically in a ranqe 
cf 0.3 /< fisec to 0.5 jusec. We know that luminance. ef-Fi ci ftruw 
is increased within these ranges . 

Consequently, if Lhe lixgii potential periods of sustain 
pulses 312 and. 313 are shorter than the low potential periods, 
it ia possible to obtain high luiiiificiiiue eriiciency if the 
fall Liiucu tl3 and '^16 of sustain data pulse 314 are delayed 
in a range of 0.2 fx sec to 0 ♦ 6 jut aecj ciud typically in a range 
of 0r3 ^ sec to 0,5 //sec, wlien using the times at which 
sustain pulses 312 and 313 bftgin to rise as a referrence. 

Also^ if the -times at which sustain pulses 312 and 313 
begin to Tcill at& used as a reference , high luminance 
etticiency can be obtained i= the fall times tl3 and tl6 or 
sustain data pulse 314 are deJ.^iyed in a range of -0.2 //sec 
to 0.2 /csecp and typinally in a range of -0.1 ;u sec to 0,1 
// sec • 

When the rise/f^ill sectiohs of sustain pulses: 312 and 
313 are sloped/ a certain tins period is required for the 
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potential to change from high -30 low and vice versa, Using 
tiie point in time when the potentials of sustain pulses 312 
and 313 begin to change as a. reference., it is necessary to 
vary the times (tl3-tll) and (tl3-tl2) depenaing on the. slope 
of sustain pulses 312 and 313. Pot c-x-ampl r^, whnn nurstain 
pulses 312 and 313 take 250 nsec to rise/fall, Uie iaiiyaij 
given above can be applied in setting times (tlS-tlL) and 
(tl3-tl2) . 

on the; other hand, when sustain pulses 312 and 313 take 
50 0 nsec to rise/fall, time (tl3-tl2) is set in a rj^ngti (jI 
0.4 //sec to O.S fiQ&c, and typically in a range of 0.5 /i 
sec to 0.7 /^sec. tinder th« same conditions, time (t 13 -til) 
is set in a rauge of 0*0 //sec to 0 . 4 /^ssc, and typicaT.ly 
in a raiifje of 0.1 *jt sec to 0 . .1 ^/ «ect , 

Here, duration T reoiuir*ed for sustain pulses ."^I^J and 
313 to rise/fall ±!$ , the sanie as embod ime-nt.^ 1. and 2, typically 
in a range having a width of ±2 0 % with respect to a reference 
value typically in a range of 250 nsec to 800 nsec, and more 
Uypically in a range of 250 nsec to SOO nsec. When duration 
T required tor sustain pulses 3 12 and 313 -::o rise/fall is 
within this range, trma (t.l3-rl2) typically is set to be in 
a range of T - 0- 05 /< sec to T I 0.35 //sec, and time (tl3-tll) 
typinally is set to be in a range of T - 0-45 sec to T - 
0,05 /iRcia. These ranges more typically are T + 0-05 >« sec 
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to T + /!/sec fox time (tl3-t:12), and T - 0-35 /z sec to 

I - U.15 fts&c tor time Ctl3-tll). 



Mrsclian for Achieving Limitnapcc Efficiency rmprovcmnnr.ri 
in Bmbodimg^nr-n 1 t.n ^ 

X:i Lhe bibove ^iibodlmeuLb- 1 to 3, the luminance 
e.ff.iciency of the prtDel i-s improved by «ftt:t-.ing t.hft fall time 
of sustain data pulse 314 to be during the sustain discharge. 
The mechanisitis for acliieviug this are described below using 
FI9 . 15 . Fly. 15 soiieitiaLlcally aliov/s tlie path ot a discharge 
generated in discharge space A when sustain data, pulse 314 
is applied during siTst-ain peri r>d 311- 

A3 shown in Fig. 15, the discharge path is Dls.l eiLheji- 
when austain data pulse 31^ 1$ not applied in sustain per^iod 
311 or when sustain data pulse 314 does not f a1 1 at l-.he times 
described in embodiments 1 to .r^ . Tn contrast/ the discharge 
path ia Dis-2 if sustain data pulse 314 i» applied so as to 
fall at the times described in embodiments 1 to 3 , Dis,2 is 
longer than D.1.S . .1 , and approaches closer to pho&phor layers 
25 and data electrodes 22 . The inventors have iden'z.if ied -z-haL 
improving the luminance efficiency of th« panels in PDP 
devices 1000 to 1200 per^taining to embodiments 1 to ^ is 
closely relatied to the change in the di ^charge path from Die. 1 
to Dis . 2 . The nature of this relationshi p i s described below . 



Pi^atlV' l^Y applying- su5t:ain data pulse 314 using the 
fa^i times desci'lbcfd in exiLbocLliiieriLa 1 Lcj 3, tJtici panh 

of the sustain discharge is pulled towards bacX panel 2. as 
a resLilt, a large po&ltive ooluinn region id achieved wli^n 
the sustain diachaji-ge L>L:au±'ti, allowlncj Tor ijuproveniente iii 
iiitravloler. produfst^ e.f f i r:i ^nny duri ng thft drive of PDP 
c3ev.Lcje« 1000 lt^ 1200. 

It is possijDle to reduce any loss resulting fro:tt the 
uelf -i±bs«xptip» of ultxaviuleU llyliL, l>y liaving discharge 
patH Did. 2 approach olose to bacX panel 2 during the drive 
of PDP devices 1000 to 1200. 

Using tlie alcove two mechanlsias^ it is possible to 
iicipruve luitilxiaiiciti emcleuciy wiLh respect to PDP devices 1000 
-o 12 00. 

It should be noted that although luminance efficiency 
Increases when the potential of sustain data pulsc=? 314 
applied to data electrociey 22 ii:- sustain period 311 is raised, 
this iftay cause a dlscliarge to occur between the da La 
electrodes and eitJier the sustain or acan electrodes prior 
to the sustain discharge between the sustain and scan 
eleoLxodes . Sucli a discharge between the data electrodes and 
cltTioT the Knr.ta.in oi- iicmu electrodes generally has the 
effect of increasing the deterioration of phosphor layers 
23 disp-osed on back panel 2 facing dnto discharge space A, 
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In contrast, the high potential of sustain data pulse 
:i^l4 In emJbodinients '± ttD 'J set in a range that does not 
cause a aiflcharge to occur between rhe data electrodes and 
ci ther the su5t;\in or scan electrodes when sustain data pulse 
314 Irs appllftn. An a ronnlr., (iiftcha-rgc i f=i nnr. gonr*rar.i^d 
between daL<± tsle^scj Lxodes cdiid either the s^uaLalii ox* naan 
electrodes when sustali; data pulse 314 is applied^ preventlnq 
any deterioration of phosphor layers 25, 

Although exemplary AC PDP devices are described in the. 
above einbodiitients 1 to 3 , the present invent iou (iutiludlug 
Lhe di-^ive method) is not J.:..mited to the structures shown in 
Figa.l to 3. i'or example, it is also possible r.o provide 
el eotrodes other than the auatain, scan, and data eleoLrodeis , 
and Lo modulate the sustain discliaxgia by applyin<5- pulses to 
the newly provided electrodes, in this oase^ the potent in J 
of the new electrodes should be changed during t.h^. f^iastain 
discharge. Moreover, it is not necessary fox these new 
electrodes to be covered by dielectric layer 23- 

Bitibcdiment 4 

Next^ a PUP device 13 00 pertaining to an embodiinenL 4 
vrill be described ueiug Fly. 16. Fiq , 16 is a chart showing 
Lhe waveforms of pulses 312, 313 and 314 applied rRsper.ti vel y 
to electrodes 13, 14 and 22 in sustain period 3n . Pig-16 
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aXso shows an infrared waveform add a visible light vaveform 
oJDserveci when pulses 312, 313 and 314 are applied. Hcrci, the 
infrared waveform results from measuring the IntenaiLy 
inf raxed light generated by Xc dl!5nhargor, within the 
discharge gns. "hn infrared waveform is used as aii ladlatiLor 
showing the dux-tiLioii of discharges. The visible light 
waveform is a luminance waveform retrtnlt.ing fron the 
excitation of phosphor layers 25 by ultraviolet light 
generating from discharges « 

Since the struc-u;5{^ of PDP device 130U and the drive, 
except lox sustain period 311, is the same as embodiments 
1 to 3/ a description of these aspec:r.ft is omitted here • 

As shown in Pig. 16, sustain pulcei; 312 and 313 having 
waveforms whoae rlBe/fall sections are sloped^ are applied 
wO sustain electi-odes 13 and scan electrodes 1 4- in sustain 
period 311. The waveforms of sustain pulses 312 and 313 
applied respecti vril y to sustain electrodes 13 and scan 
electrodes 14 cixe set to be out of phase by ISO degrees- I'ime 
LIB marks when sustain pulses 312 and 313 begin to rise/fall/ 
respectively. Time tl9 marlcfl wher. sustain pulses 312 and 313 
have tully ri sen/fallen, rccpectively . 

The high (e.g. 180-220 V; typically 200 V)/low (e.g. 
0 V) potential periods of sustain pulse-s 312 and 313 are of 
equal duration. 
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On iihci ot.hrtr "hand, «nfst.aii.n data pulse 314 applied to 
date elect-xodes 22 is set to rise farora time tl7, which, is 
earlier than the rise/fall time LIB ol £iU3L<tln pulses 312 
and 313, and to fall by time t^l , wnloh is after the end time 
5 t20 of the sustain dlsciic.r-9e. Sustain data pulse 314 Is 
applied using* a. cyole equal Lu LhciL of sustain pulses 312 
and 313. 

In PDP device iriOO emplnylrsg th.is drive method, wall 
diairge is foxmed over data electrodes when sustain dntn pnl 

10 314 is at a low level. Wlien sustain data pulse 314 rises prior 
to the next sustain discharge, tJbc dlncharge path is 
lengthened as v.i th Diss. 2 shown in Fig. 15, and pulled towards 
phosphor layers 25 as .a result of the superposed off cirst of 
the wall charg-e aoouiuulated on data electrodes 7.7. *5nd the 

15 ne\^ly applied sustain data pulse 314. As a result/ a high 
luminance waveform wppears in each cycle of sustain pulscf: 
312 and 313^ allowing ImninancA efficiency of approximately 
1 , 3 ~ljne& IhaL oi conventional PDF devices (i.e. fluamin data 
pulse 314 not applied) to r>e realized* 

20 As shown in Fig. 16, sustain da*::,© pulse 314 is set tio 

have a cycle ecfual tr> that, of sustain pulses 312 and 313 . 
Thu», gl£i shown in Fig. 16 r a high luminance waveform appears 
in each cycle of sustain pulses? 312 and 313 • a.s a result, 
the i Tftprovement in luminance efficiency in PDP device 13 00 
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pertaining- to embodimetnt 4 is reduced in conpa-ri r.oti witli pdp 
devices 1000 to 1200 in embodiments 1 to 3 . 

However, with the drive of pdp device 1300. it is 
possible Lo euwLdiii ci wLable lLimina.nce state without ohangiug 
the level of sustain data pulse 514 during- the sustain 
discharge, berau.qe at ^{ftttang th<^ pnlf^^. waveforms so tnat 
sustain data pulse 314 rises from time tl7 prior to the sustain 
discharge, stays at a high level during the sustain discharg-e, 
and falls by time t21 after Lhe sustain dtscHarge. 

Reasons for setting the fall time t21 of snstain data 
pulse 314 to be during the sustain discharge in tE-x-itiy of 
luminance efficiency arc aa £>t«ibed lu euibodiments 1 to 3 . 

Embodiment 5 

The drive method of a PDP device 1400 pertaining to an 
embodijrcit H is viescribed below using Pig. 17. Fig. 17 is a 
chart showing the waveforms of pulses 312, 313 and 314 applied 
respectively to electrode© 13; 14 and 22 in sustain period 
311 . Kig-17 al30 shows Infrared and visible liylit wdveCorms 
observed when pulses 312, 313 and 314 ara applied. Embodiment 
5 differs Ixoxu eaibodiment 4 with respect to the wavefoTm of 
sustain data puH se. 314. This waveform and the rceultant 
effect A are described below, 

Afj flhown in Pig. 17, a single cycle of sustain data pulse 
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314 ia set to toe 1.5 times that, of sustain pulcscrs 3-}2 and 
313. 

By chai:ging the high level cyijle iu Uje waveform of 
sustain data pulse 314 In an W'^* sustain discharge (W being 
an iriLeyex-), LliaL Is, t>y changing the duty ratio of sustain 
data pulse. 314 , it is possible to control thepane*il bri ghtnftf^ft 
of PDP device 1400. Coatxoliing the panel brightness by means 
of the drive method is particularly effective in sustaining 
a high contrast in relation to dark video images . 

Consequently, witb yuy device 1400 pe.rtai ni rg r.o 
embodiment 5^ it i.s possible to control reductions in 
contrast wlien displaying dark videc iniaye^ toy controlling 
tiie duratiiouB Tor which sustain data pulse 314 is at h.igh 
and lovr levels according to tlie illmninatnor nrc^a of tJha video 
images for display. 

Tn f^mhodlment 5, the fall time t26 of sustain data pulse 
314 is set tc be after the end time t2 5 of tbe sustain discharge, 
althougJi in terns of luminance efficiency, the fall time t26 
of sustain data pulse 314 typically Is set to toe during the 
susT-atn discharge. The reasons for this axe the sam^ -lioae 
given in embodiments 1 to 3 ♦ 

Embodiment G 

The configLixAtlon of electrodes 13, 14 and 22 and the 
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djTive method of a PDP device 1500 pertaining to an embodiment 
6 are denser Ibcd below using Figs. 18a, 18a and 19. Flgs,l9A 
and 16B shuw uourigiirsitions of electrodes 13, 14 and 22 within 
thft panel unit, of PDP device 1500, 

AS nliown in Pig.lfiA^ niKot:ain nD entrodo.rt 13 and noan 
elecLx'odeii 14 £±-l-« dl^po&stsd In a sLi'l^e pciLLexn on Txcu L pciii^^l 
1/ and data electrodes 22 are disposed ok taaclc panel 2 so 
as to i n1:f-rHftr:tA t."he. A0 5it-.air. and 5tr:an fsl ftctrodes . .-if=irfi, a 
Ceatuxe of enibodiinent 6 is ^hat the electrode width of data 
elec:Li-L>dea 22 lij a vicsiiiiLy of Llie lii LeraetjLloiisi wlLli acsciij 
electrodes 14 is wider than in other areas . As a result of 
this electrode, configuration, the. bincing capa<^1t.y of Fi^an 
electrodes 14 witti data electrodes 22 in PDP device 1500 xsj 
9i-eaLer than that of sustain electrodes 13 with data 
electrodes 22 . 

The binding oapacities of the scan/data electrodes and 
KiiKnai ri/dai'.a electrodes may, as shown in Fig, 18b, also be 
changed by increasing the width of scan electrodes 14 in a 
vicinity of the inte.rsect.iona wir.h data electrodes 22. 

The drive method of TDP device 15 OC having the electrode 
configuration shown in Fig.iaA or ISB is described below 
using Fig. 19- Fig, 19 Iss a chart showinq the waveforms of 
pulses 312/ 313 and 314 applied respectively to e.l errtrodeft 
13, 14 and 22 in sustain period 311 daring the drive of PDP 
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device 1500. 

AS sliown In Fig. 3 9, Gusf-air pulses 312 ard .^15 appl.i cd 
to sustain electrodes 13 and scan electrodes 14 in sustain 
period 311 have sloping riRe/fall fjp.ations. The respective 
slopes cf sustain pulses 312 and 313 are set so that a period 
T5 (e.<r. 250 nsec, 500 n^ec) is required firom the start (time 
iDH-hil th<^ ^ncl {T.itnet t-)0> of -he riae/fall. 
On the other hand, sustain data pulse 3L4 applied to 
data electrodes 22 is set to JStay at a low level during the 
auaLalia discharge after taliing at time t:^a prior to the 
rise/zall time t29 of sustain pulses 3.12 and 313^ and to rise 
after the fall time t31 of the infrared waveform <i»e. i±t 
time t32 after the sustain diociiax-ge) . 

In PDF device 1500 employing this drive method^ large 
amounts of wall charge are formed due to the »9UKt<3 1 n rliflcharge 
generated when sustain data pulse 314 Is at a low level, and 
then by raising sustain data pulse 314 to a high level prior 
ty the next sustain discharger luminance ef f icienc^y improves 
in comparison with PDP devirie 14 00, due to the superposed 
effect of the wall charge formsd over data electrodes 22 ciiad 
the newly applied sustain data pulse 314 ♦ The reasons for 
thlti effeuL eLr& described below using b'ig.20. 

As shown in Fig. 20, when sustain data pulse 314 io 
applied in sustain period 311 according to the above tiniing. 
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the length of t.he positive column increases in oomparlcson 
wilih. Difs.l (i.o. su.st.a.in da-ta pulne not. applied). This 
inc/;edfc5e& L:ie produced aiiiuuat of ulLraviuleL light and irioves 
di&ohcixge path Die. 3 closer to phosphor layers 25, The 
efficiency wiLh whi<jh ulLxavloleL lighL reaches phosphor 
layers 25 Is improveci as a result. 

Consequently y a luminance waveform having high 
brightness occurs in each cycle of sustain pulses 312 and 
313, making it possible to obtain high luirinauce eiticiency 
o± approximately l,b times that of conventional PDP devi ces 
employing a drive method in which a sustain dciLd pulse is 
not applied- 

The 4;aiiie elXecLa can be obtained when either of the 
electrode configurations shown in Pigs.lftA anci IBB are 
employed. 

Although -in fttnhodiment sustain data pulse 314 is 
applied -o data electrodes 22 in sustain period 311, it .is 
not necessary to use data electr-odes 22. Por example/ the 
same effects can be obtained, even vhen sustain data pulse 
314 is applied to new electrodes provided on back panel 2, 
a differential being provided beLween the binding capaci t.i e.j% 
o£ the new electrodes with scan e] echrodes 14 and csuytain 
electrodes 13, respectively. 
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Embo diment 7 

Next., the structure and drive method of & PDP device 
2000 pertaining to an embodiment 7 is described. 

C 7-1. OveralJ StmCtixire o±' PDP i^evlce 20CO 

The Dtructurc of PDP device 200 0 Is? described i^elow 
usinq J2'i9-.21. i?*ig.21 is a l>lock diagran showing the structure 
of PDP device 2000. The basic structure is the same «s 
embodiment 1 shown In Fiq.l. 

10 As shown in Pig. 21, PDP device 2000 diirers from PDP 

device lODO in relation to the structure of tho drive unit, 
part.f owl H-rl y Lhe method for setting sustain data puise J14. 
Description of the ^tjructure of panel unit 100 and ether areas 
"Chat are similar to ^mbodinienL 1 Is omitted laere . 

15 As Shown in fig. 21, a brightncoe- average detection unit 

2:^0 (1 -e- not included in PDP device 10 OU) is provided in 
a drive unit 201 of POP rievi r:<^ 200D. Image data is iapuLUed 
t-o bz-igliLu«ss -average detection unit 230 from data de-t-.ect-.i on 
unit 210, and unit 230 Is coTinected so as to ei^abie ^signals 

20 to be outputted tlo control unit 2 4 0. 

More specifically, t>Ti ght.ness- average dete:::Lion unit 
230 derives at grayscale average based on image data for 
individual screens tranof Cirrfid from data detection unit 210 
that shows Tihe grayscale value of each cell , To calculate 
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the grayscale average, unit 230 adds toge-cher all of -he 
gxaycsaalc values for an individual screen and divides the 
xeeiilUby the total number of cells, unit 230 derives the 
brightness average by oalciilatlng thr^ graysnnle average?, ns 
u percentage of the highest grayscale value (e.g» 255) . unit. 
23 0 sends dcdLci xtsiaLlcjy Lo Llie derived br i^jhtriess average 
to control unit 240 . 

Control anit 240, ir. addition to the functions of 
Gontxol unit 240 in PtiP devioe 1000, sends a timing signal 
Lo bxiyhLuebJS-avejL-ay s deLecLloxi uulL 230 Indicating a Llixiiug 
at which the brightness average is to be caicular.ed, and sets 
the optimal fall time of sustain data pulse 314 applied to 
data elcowrodcc 22 in sui^tain period 311/ bafi^d on Lhe data 
relating to the brightness average received from unit 230. 
Data relating to the optimal fall time set by unit 1>,J10 15? 
oLitputted as ft timing 5i:gnal t.e a suatain data pulse 
oscillator (rot depicsted) in data driver 270. 

On receipt of this timing signal* data driver 270 
applies sustain datrs pulse 314 to all of datcL electrodes 22 
in sustain period 311 at the optimal fall time set based on 
the brightnecc average, 

7-2. nrlve JrfTethod jfcjr PDP Device 2000 

The drive method for FDP device 2000 1 s rtescrihecl below 
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using Fig. 22. Fig. 22 is a chart: showing the waveforms of 
pulses 312, 313 and 314 applied respectively to olcctrodefi 
13 r 14 and 22 in sustain period 311- 

A€\ £shown la Fig. 22, nurtt.aln pulnea 312 and 313 applied 
to sustain electrodes 13 and scan electrodes 14 in sustain 
period 311 alternate repeatedly between high and lov7 levels , 
The high and lov levels of sustain piilRe.s 312 and 313 are 
set- to diaral-.-ionR *£S ar.d \V7 , respectively. Sustain pulses 312 

and 313 are set to have a cycle fi.e. T6 + T7) of 2.5 jusec, 
for exanple. 

Sustain pulses 312 and 313 applied respectiiv^ily to 
sustain eleci-.-rodftfl 13 and scan electrodes 14 arc uet Lo be 
out of phase by 180 degrees. Sustain pul^ie 313 is thus set 
to Tall at the rise time t33 of sustain pulse 312 , Although 
not depicted in Fig. 22, the rise/fall secti nns of the «iif3tain 
pulse waveforms actually have a regular slope. 

On the ot.hcr hand, sustaia data pulse 314 applied to 
data electrode&» 22 Is set to rise at time t34 in sync with 
the rise/tall time t33 of sustain pulses 312 and 313, and 
tu ha.ve a fall time t35 tha- is a duration TS (e.g. 0.3 ja 
ftec) after the rise ^Ime t34. 

In PDP device 2000, Llie discharge st-arting voltage is 
surpassed due to the superposed ef-fftct of sustcin pulsco 312 
and 313 and the wall charge an cumulated over scan electrodes 



14 fxorn the write discliajr^e generated in write period 310 ► 

7-3. setting of sustain Data Fulse 314 

The inventors havo nbftftrvi^ifl that, when sustain data 
pulae 314 is Applied to data electrodes 22 in sustain period 
311, the Qptr.iiriftl f^al] r.lmes t35 and t37 of sustain data pulst; 
314 at which the luininance efficiency of yoy device 20C0 is 
waxiTni 9:ed, va-riftf; with changes in the brightness average of 
images tor display. This effect: is descrihed below using 
Figs, 23 aDd - rigs. 23 and 24 are characteristic dliiyrauis 
plotting the luminance efficiency of PDP device 20 00 on nhe 
vertical axis and time (t35-t33) on the horizontal axiS/ tor 
brightness a.verages of 10 ft and 100 respectively- Here/ 
time <t35-t.^.^ > . i 53 the fall time of sustain i3a.La pulse 314. 

Afi shown in Pig. 'J 3, at a brightness average of 10 * ( low) , 
luminance efficiency vfjT-ies at. a result of sustain data pulse 
314 being applied to data electrodes 22 . LLunlnnnce efficiency 
i-s maxim isicd when tiir.e (t35-t33) is seL Lo appi^oxiraately 0.3 
*i sec . 

AS shown in Fig. 24/ on the other handr at a brightness 
av€irage of 100 % (hlcjh) , luminanoe efficiency is maximized 
when time {t:i5-t:33> is set to approximately 0.2 /^sec. 

In their attempt to maximize the luminances el Iloiency 
of PDP device 2000 # the inventors observed that thl3 can be 
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r-T-chievecl by varyinc| -zhe duration from time t.'^.'^ (i.o.. when 
sustain pulses 312 and 313 Ijifylu Lo rxKe/rall) ujiLll Llie lall 

time t35 Of sustain data pulse 314 according to the brightness 
average of iziiarje$ for d±<&play . Althourjh. yet to be ascertained, 
UTIK pofi« Lille reafson fcj.r Lhifj Im Lhe di£rexlng electr^ic field 
clistrlt>uti.on states in discharge space A when wall charge 
ift being formed, depending on the brightness average? t::f 
images for display. 

As such/ the invcntorsj uonduoLed investigations into 
the relationship between the brightness nveTag-<^. of an image 
and fail time t35 of susta.in data pulse 314- The results of 
the investigation are described below using Fig. 25* Fly. 25 
ii> a chai-c»oLex-l4jLlc diagram plotting the relationship 
between the optimal fall time of sust^.in data pulse 314 in 
sustain period 314 and the brightness average of an iniaqe 
for display ' 

As shown in Fig . 25 , Lhe optimal fall time t.3 5 of sustain 
data pulse 314 to increase luminance efficiency ju<jv«s liloser 
■3.0 time t33 a$ the brightness average increases . Concsoqnrsnr.ly, 
by oal dilating the brightness average o± images for display 
and controlling the fall tiir.e t35 of sustain data pulse 314 
according to the calculated brn ghtuesa average « it Is 
possible to maximize luminance efficiency In PDr device 2000 
fcr different brightness averages. 



7-4. ContJTol af Sustain Data Pulae 314 

The timing signal that relates to the application of . 
ftiis3-i-.i^ in n^ta piil ftr: 31 4 nur-piitted to data driver 270 by control 
unit 240 is controlled <x^ lullo'A^a* 

A table (not depicted) in vrhich the brightness averages 
shown in Fig. 25 are corresponded to various fall t.ini<=tH t:35 
of 5tuAt.a1n data pulse 314, is stored in pulse -processing unit 
241/ which is included in control unit 240. Here, a clock 
pulse is counted using a riaxx*owt?r pulse vjLdtii than the pulse 
width T8 »L::£$Laln da^^a pulse :il4 (not depicted), and t:h.e 
optimal fall time rtf sustain data pulae 314 is set In 

pill se- processing- unit 241 l^atit^d on the counted nimber of 
clouk {julfi^es (CLK] - 

Thie c20iitrol method implemented by f^nntrol.ling 
pulse -processing unit ^^41 Is described below using Figs. 26 
and 27. F.ig.2fi Ir a control flow diagram relating 
pnl.Re-processing ualL 241* Fig. 27 i6 a chart showing r.he 
waveloiuas of pulses 312, 313 and 314 applied rcopeotively 
to electrodes i:^/ 14 and 22 in fsastain period 311. Fly. 27 
also shows the number of clock pulse^^ <CI/K) for controlling 
the application timing of Lliese pulses . 

Aa shown in Fig, 26, when information relating to a 
brightness average is inputted from brightness -average 
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detecr.ior unit-. y.:^n , pi: Ise • processing- unit 241 refexs to the 
stored t.ahlft and se.t.s the fall time t'Sb of sustain data pulse 
314 [Step 31) , 

If durinqr sustain period 311 (step S2~yES>, 
6 pulse-processing unit 241 waits for sustain pulaes 312 and 
313 to be applied to the sustain and ccan eleotrodec, tJnit 
241 Uxet> drives d*ita driver 270 in sync vith the start of 
the rise, times of sustain pulses 312 and 313, as shown in 
Fig. 27 (step S4 ) . As a result, sustain data pulse 314 applied 
10 to all of the data clcctrodcrs ic con-:;rollcd to riGc. Here, 
uniL 241 uliuwii lu Fiy.21 liioludets a olooX oounLex' <uuL 
depicted) for counting clock pulses {CLK) . Unit 241 xesets 
the C-Toclc conntCT in synn with the -Fall tiine t35 of nustairi 
c3at.a piilf^e 314 [step S4 ) . 
16 When sustain data pulse 314 reaches the optimal fall 

time^ that is, when the counter value CT reaches the number 
of clock pulses (four clocks in Fig. 27) that equates to the 
set optiir.al fall time (step S5 ^ YES), pulse-processixig unit 
241 changes the uuLpuL of daLci dxlver- 27 Lo an OFF- state so 
20 a& to make sasTain data pulse 31 4 fal 1 . Fand rAaetB the clock 
counter (step S6) . nnlt. 241 repeats this operation until the 
end of sustain period 311 (step £7). 

Kith PDP device 2000, it Is poseible according to this 
control method to apply a sustain data pulse to data 



electrodes 2 2 in sustain period ^11 thnt. hr5?=i b<*ir;n fs<=iti t.o an 
op'tlmal fa.ll -time acoox-diKg to the bxig-htness average of 
image data. 

Here/ in terms of the control circuit far imp! ejTie-n ting 
these controls, it is possible to apply a known circuit e.s 
disclosed in unexamined iTapanese patent applicatiuu 
publication no. 20 02 -536689 (note: couLrol target d.iffers 
from present invention) . 

Embod-lmept 8 

8-1. Struaturi^ and Drive Met/2oaf tor PDF device 3000 
Fertaijilnijr to Embodimemt 8 

In embodiment; 7, the fall time t35 of sustain data pulse 
314 is changed accordi-ng t-.o r.he brightness avex-ag<;i L>r image 
data. Jn Hiubodime.nt 8, the fall time of sustain data pulse. 
314 is furthermore changed acco-rdnng to Lhe temperatui-e o± 
panel unit 100. Since panel unit lOO in pT)P device 3000 has 
the same structure an that of panel uitilL 100 in PDP device 
2000 in eiabodlmert 7, description is omitted here- 

Fig. 28 is a block diagram showing the structure of PDP 
device 3 000 pertaininq to embod i nii^r.t 8. Components having 
the same structures.? in embodiments 7 and 8 are marked in 
FigH.21 and using the same reference numcralti. The 

following description focuses on the features of Mibodiment 
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0 . 

xn yvp device 3000, a thermistor (not. depicted) is5 
provided in panel unit iOO, and drive unit 202 includes a 
temperature detection unit 2 55, as shown in Fig. 28, for 
de-^ec7ting the temperature of panel unit lOG usincf the 
thermistor. TeinperaT:ure detection unit 235 sends 
temperatures detected for each field to control unit 240 in 
response to a control signal f-roiTi nn1t 24-0- 

A plurality of taljles (not depicted) , as in embodiir.ent 
7, in which brightness averayes cJo.r.j:-ti*pQnd to optimai taii 
time& or ^u^Leiln data pulse 3X4, are provided in 
oorrespondeijce wi various teniperatux-es (e.g. from 27 to 
C5 XZ±Yk 1 *C increments) V ni^d the.se tables are stored in 
pulse-processing unit 241 of control unit 240. Bach of these 
tables is created in advance by measuring the optimal sustain 
data pulse fall time / brightness averagft relationship for 
the various panel tejmperatures . A.s vith PDF device 2000, the 
optimal fall time of sustain data pulse 314 is converted to 
a number of clock pulses (CLK) having a narrower width than 
the pulse width of sustain data pulse 314, the fall time 
changing in rcspoiioe to this number. 

Pulse-processing ucilL 241 performs controls using 
ba«»loally Lhe same steps as those shown in the Fig. 26 flow 
dlaqxam. However- a difference lif^.s In the determining of 
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the optimal fall time at step 1, In embodiTOent 8, t-Ke table 
c:c)x*x-r;npond 1 ng tio a drstcintnd t-.c^xnp cox allure iii BeleuLeQ* and Llie 

selec~ed table re:l erred to. 

R - 7 . ^nt. t.i ng- o'f Opt. i m/s 7 Pr? 7 1 T f mn 

The method for setting the optimal fall time of s us tain 
data pulse 314 in PDP device 3000 ls desGjribed below using 
Ficrs.29 and 30- Figs*29 and 3D aire characteristic diaqraias 
plotting the luminanoc efficiency of the pcinel cixia Lhe r«ill 
time of sustain data pulse ai4 at temperatures in panel unit 
ICO of 27 XI and 65 *C r respectively. 

As shown in Fig.;29, we know that luminance efficiency 
in PDF device 3000 is maximised v/heu L3ie fall -iries of sustain 
delta pul<je 314 Is delayed by approximately 0.3 pt sec from when 
susta-. n pi3ls3Gs 312 and 313 applied to the sustain and 
electrodes beqin to change in sustain period 31 1 . 

As shown in Fig. 30, on the other hand, we know that 
liiiniTianee efficiency In E'DP dGvioc 3000 is maximized when 
the fall Lime of sustain data pulse 314 is delayed hy 
approximately 0.25 ;k sec from when sustain pulses and 313 
applied to the sustain and scan electrodes beqin to change 
in sustain period 311. 

As shown above r wti know that with PDF device 3 000, the 
optimal fall tlffie of sustain data pulsft 314 differs depending 
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on th.e trsmpnrat.urc of panel uniTi 100. Altliough. yet to be 
e.scer' tallied, one possible reason for tht£j in 
panel -temperature related changes in the properties of the 
protective layer and the U.kci on whf rrh wal 1 ch.-^.rg-c is formed ^ 
and the ouuisequeuL vcii:ia.t ion in the eleotrio field 
di stTibut ion state in discharqe space A- 

The relationship betveen the tempera tixre of panel i.init 
100 and the optimal fall time of sustain data pulse 314 in 
PDP device 3000 is described below using Fig. 31. Fig. 31 is 
a cliaracteristic diagram depicting this relationship. 

AS shown in rig, 31, the optimal fall time ot sngtain 
data pulse 314 is moved forvzard in. time as the temperature 
o£ panel unit IOC increases. 

Consequently, with PDF device 3000 it is possible to 
always obtain high luminance efficiency • irrespective of 
vai'iatloas in the brightness average snd p^^nel temperature, 
l>y optimizing the fall time of sustain . da^ia pulse 314 
accox-dlng to the brightness average of images for display 
and the temperature of panel unit 10 0. 

Related Matters 

TOille an AC-tvpe PDP device is used in the description 
of eTTibodlment 1 to 0 , the present invention Is not limited 
to the AC - type- 
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Numeric values in embodiments 1 to 6 axe given as 
examples/ and conditions relating to device size/ 
uoiiiponentry/ and the drive are subject to chaucje depeEidiiig 
on various csondi t.J nn/i _ 

Although in embad 
La applied to the data electarodes in the sustain period, 
application of the susta:-n di^ta pul se need not be to th.e data 
electrodes, Fot example, fourth electrodes may be provided 
in the panel unit, and ihe sustain data pulse applied to the 
TouxLh electrodes . 

Although the p-reftent invention has been fully desoxlbed 
by way of examples wlLh reference to the accompanyinq 
drawings, it is to be noted that various changnrs and 
modifications will be apparent to th<->5;ft «"ki lied in the art, 
Thei'efore/ unless such changes and modifications depart from 
f-.bfi .'soope of the present invention r they should be construed 
AS being included therein . 
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